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PROBLEM TO BE SOLVED: To provide a semiconductor device si* i 

utilizing a metal silicate film which can reduce leak current of an : " ..i » 

insulation film, and also to provide an easy method of iXT y/*\ 1 

manufacturing the same semiconductor device. j \ 

SOLUTION: The semiconductor device comprises a silicon *~ .5* 

substrate 10; the first layer region of a gate insulating film 12' 

including silicon, nitrogen, and metal element formed on the .?* 
silicon substrate 10 and in contact therewith; a second layer 4 
region provided in the side opposed to the first layer region of 
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the gate insulating film 12'; a third layer region provided K ' 4) 

between the first and second layer regions; a gate insulating - ..' J 

film wherein the maximum concentration of metal in the third as* <a> 

layer region is higher than the minimum value of concentration 
of metal in the first and second layer regions, and the maximum £ 
concentration of nitrogen in the third layer region is higher than # t- « & 

the minimum value of concentration of nitrogen in the first and 
second layer region; a gate electrode which is in contact with 
the second layer region; and a pair of source and drain regions 
formed in both sides of the gate insulating film. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 
Silicon substrate, 

The 1 st layer field which is gate dielectric film containing silicon, oxygen, nitrogen, and a metal formed on 
said silicon substrate, and touches said silicon substrate, It has the 3rd layer field between the 1st layer field 
of said gate dielectric film, the 2nd layer field of the opposite side, and said 1st and 2nd layer fields. Said 
gate dielectric film with the maximum concentration of said metal in said 3rd layer field higher than the 
minimum value of the concentration of said metal in said 1 st and 2nd layer fields, and the maximum 
concentration of said nitrogen in said 3rd layer field higher than the minimum value of the concentration of 
said nitrogen in said 1 st and 2nd layer fields, 
The gate electrode which touches said 2nd layer field, 

The semiconductor device characterized by having the source / drain field of the pair formed in both the 
sides of said gate dielectric film. 
[Claim 2] 
Silicon substrate, 

The 1st layer field which is gate dielectric film containing the oxygen and nitrogen which were formed on 
said silicon substrate, and a metal, and touches said silicon substrate, It has the 3rd layer field between the 
1 st layer field of said gate dielectric film, the 2nd layer field of the opposite side, and said 1 st and 2nd layer 
fields. Said gate dielectric film with the concentration of said metal uniform in the said 1st, 2nd, and 3rd 
layer fields, and the maximum concentration of said nitrogen in said 2nd layer field higher than the 
minimum value of the concentration in said 1st and 3rd layer fields, 
The gate electrode which touches said 2nd layer field, 

The semiconductor device characterized by having the source / drain field of the pair formed in both the 
sides of said gate dielectric film. 
[Claim 3] 

Said metal is a semiconductor device according to claim 1 or 2 characterized by being either a zirconium, a 
hafnium, titanium, a tantalum, aluminum, an yttrium or rare earth elements. 
[Claim 4] 

In forming the metal silicate film containing silicon, oxygen, nitrogen, and a metal on a silicon substrate, 
The concentration of said nitrogen in said metal silicate film rather than the 1st layer field by the side of said 
silicon substrate, and said 1st layer field and 2nd layer field of the opposite side After it was high in the 3rd 
layer field inserted into said 1st and 2nd layer fields and forming the uniform metal silicate film for the 
concentration of said silicon and said metal over the said 1st, 2nd, and 3rd layer fields The manufacture 
approach of the semiconductor device characterized by heat-treating said metal silicate film. 
[Claim 5] 

Concentration distribution of the nitrogen in said metal silicate film is the manufacture approach of the 
semiconductor device according to claim 4 which is the process which deposits said metal silicate film, and 
is characterized by controlling by carrying out time amount change of the flow rate of argon gas, nitrogen 
gas, and oxygen gas. 
[Claim 6] 

Said metal is the manufacture approach of the semiconductor device according to claim 4 or 5 characterized 
by being either a zirconium, a hafnium, titanium, a tantalum, aluminum, an yttrium or other rare earth 
elements. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the semiconductor device equipped with the MIS (Metal-Insulator- Semiconductor) 
structure where electric fields, such as a field-effect transistor, are impressed, and its manufacture approach. 
[0002] 

[Description of the Prior Art] 

Detailed-ization of the further transistor is advanced by the demand of improvement in the speed of LSI, and 
high integration, and thin film-ization of gate dielectric film is demanded in connection with it by it. In the 
field-effect transistor (MISFET) of the conventional metal-insulator-semiconductor structure, Si02 has been 
used as gate dielectric film. However, if thin film-ization of Si02 progresses to lnm, the problem that the 
leakage current which flows to a substrate through Si02 becomes large will arise from a gate metal. 
Especially, in MISFET of low standby power, this problem is serious. 

Then, high dielectric constant gate dielectric film is examined as gate dielectric film replaced with Si02. 
The advantage is using an ingredient with a dielectric constant higher than Si02 for gate dielectric film, and 
is that gate capacitance is securable, without making effective thickness of an insulator layer thin. Thereby, 
the leakage current which flows gate dielectric film can be suppressed. However, a high dielectric insulator 
layer ingredient has the problem that an interface property with a silicon substrate is bad, and generally 
tends to produce interface state density, a fixed charge, etc. 

Moreover, the so-called metal silicate which added the metal to Si02 is also examined as a gate-dielectric- 
film ingredient. Although the specific inductive capacity is as lower as 8-20 since metal silicate contains 
silicon, it excels in the interface property with a silicon wafer, and it is thought that the fall of the current 
driving force resulting from an interface defect which is easy to produce with the usual High-kappa 
ingredient cannot occur easily. 
[0003] 

However, the interface property of a silicon substrate and the metal silicate film does not attain to the 
interface property of a silicon substrate and Si02 film far more strictly. For example, when metal silicate is 
used as gate dielectric film of FET, the problem that the electron which runs the channel field of a silicon 
substrate surface receives remote dispersion by the potential field which the metal contained in metal silicate 
forms arises. Moreover, it is thought that it is the factor to which the nitrogen added in the metal silicate film 
also worsens an interface property. 
[0004] 

Then, in order to improve the interface property of an insulator layer, the structure of the so-called 
"inclination presentation metal silicate" of making the metal presentation and nitrogen presentation in the 
interior of metal silicate so high [ it is low at a silicon substrate side, and ] that it separating from a silicon 
substrate is proposed (patent reference 1 reference). 
[0005] 

Moreover, the structure which makes a metal presentation high and makes it low near the interface of near a 
gate electrode and a silicon substrate in the center of gate dielectric film is also proposed (patent reference 2 
reference). 
[0006] 

[Patent reference 1 ] 
JP,2000-49349,A official report 
[Patent reference 2] 
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2002 to application- for-patent 49464 official report 
[0007] ■ 

[Problem(s) to be Solved by the Invention] 

As explained above, in order to keep an interface property with silicon good, with the gate dielectric film 
using metal silicate, the structure of making the presentation of a metal or nitrogen inclining is proposed. 
However, with such structures, since the metal concentration and nitrogen concentration by the side of a 
gate electrode are high, band offset of an insulator layer becomes small and it becomes the cause by which 
leakage current increases. 
[0008] 

This invention aims at offering the semiconductor device using the metal silicate film which reduces the 
leakage current of an insulator layer for the purpose of solving such a problem, and its simple manufacture 
approach. 
[0009] 

[Means for Solving the Problem] 

The 1 st layer field which is gate dielectric film containing silicon, oxygen, nitrogen, and a metal formed on 
the silicon substrate and the silicon substrate the first of this invention, and touches a silicon substrate in 
order to attain the above-mentioned purpose, It has the 3rd layer field between the 1 st layer field of gate 
dielectric film, the 2nd layer field of the opposite side, and the 1st and 2nd layer fields. Gate dielectric film 
with the maximum concentration of the metal in the 3rd layer field higher than the minimum value of the 
metal concentration in the 1 st and 2nd layer fields, and the maximum concentration of the nitrogen in the 
3rd layer field higher than the minimum value of the nitrogen concentration in the 1 st and 2nd layer fields, 
The semiconductor device characterized by having the source / drain field of the pair formed in the gate 
electrode which touches the 2nd layer field, and both the sides of gate dielectric film is offered. 
[0010] 

Moreover, the 1 st layer field which is gate dielectric film containing the oxygen and nitrogen which were 
formed on the second silicon substrate and silicon substrate of this invention, and a metal, and touches a 
silicon substrate, It has the 3rd layer field between the 1st layer field of gate dielectric film, the 2nd layer 
field of the opposite side, and the 1st and 2nd layer fields. Gate dielectric film with metaled concentration 
uniform in the 1st, 2nd, and 3rd layer fields, and the maximum concentration of the nitrogen of the 2nd layer 
field higher than the minimum value of the concentration of the nitrogen in the 1st and 3rd layer fields, The 
semiconductor device characterized by having the source / drain field of the pair formed in the gate 
electrode which touches the 2nd layer field, and both the sides of gate dielectric film. 
[0011] 

Here, it says that dispersion in concentration is about 20% or less as metaled concentration is uniform. 
[0012] 

According to the above-mentioned configuration, the band gap of gate dielectric film becomes large in the 
1 st layer field by the side of a silicon substrate, and the 2nd layer field by the side of a gate electrode, and 
can control leakage current. Moreover, the gate dielectric film of the high quality required of a generation's 
0.1 micrometers or less metal-insulator-semiconductor structure is realizable, preventing the thrust omission 
of an impurity to a silicon substrate, crystallization of a metaled oxide, etc. 
[0013] 

moreover, the thing for which a metal is made into either a zirconium, a hafnium, titanium, a tantalum, 
aluminum, an yttrium or rare earth elements — it is — a high dielectric constant — having — coincidence — 
thermal resistance — it excels in physical or chemical stability, and a metal silicate insulator layer also with 
little hygroscopicity is obtained. 
[0014] 

Furthermore, the third of this invention is in charge of forming the metal silicate film containing silicon, 
oxygen, nitrogen, and a metal on a silicon substrate. The concentration of nitrogen rather than the 1 st layer 
field by the side of a silicon substrate, and said 1 st layer field and 2nd layer field of the opposite side The 
manufacture approach of the semiconductor device characterized by heat-treating the metal silicate film 
after making it high in the 3rd layer field inserted into said 1st and 2nd layer fields and forming the uniform 
metal silicate film for concentration distribution of silicon and a metal over the 1st, 2nd, and 3rd layer fields 
is offered. 
[0015] 

By heat-treating, diffusion of silicon and a metal starts, silicon segregates to a gate electrode and silicon 
substrate side, and a metal moves near the center of the silicate film in the place where the concentration of 
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nitrogen is low. It is possible to attach the presentation inclination of a metal and nitrogen using such a 
diffusion phenomenon. Therefore, the metal in an insulator layer and the concentration of nitrogen can be 
changed into an ideal distribution condition comparatively easily. 
[0016] 

Moreover, in these manufacture approach, since the metal silicate film is a thing also containing nitrogen, by 
easing metaled diffusion, it can control migration of a metal and can also control formation of the thrust 
omission of an impurity, or a crystal to coincidence. 
[0017] 

[Embodiment of the Invention] 

Hereafter, the gestalt and example of operation of this invention are explained to a detail, referring to a 
drawing. In addition, in future explanation, the explanation which shall give the same sign to a common 
configuration and overlaps it is omitted. Moreover, although it is a mimetic diagram and the configuration, a 
dimension, a ratio, etc. have a different part from actual equipment, in case each drawing manufactures 
actual equipment, it can be judged in consideration of the following explanation and a well-known 
technique. 
[0018] 

(Gestalt of the 1st operation) 

Drawing 1 is a sectional view for explaining the manufacture approach of MISFET in connection with the 
gestalt of operation of the 1 st of this invention, and the semiconductor device obtained by that cause. 
[0019] 

First, the laminating of the zirconium silicate film 12 and the cap layer 14 which carried out nitrogen 
addition on the silicon substrate 10 is carried out to order like drawing 1 (a), in addition, the compound of 
the zirconium and silicon with which, as for the zirconium silicate film 1 2 which carried out nitrogen 
addition, nitrogen was added — it is — a zirconium and silicon — the depth direction in the film — 
abbreviation — it has uniform presentation distribution. Here, the depth direction of the zirconium silicate 
film 12 is the direction of the other side at an interface with an interface with the cap layer 14 to the silicon 
substrate 10. 
[0020] 

The cap layer 14 is formed with conductive ingredients, such as polycrystalline silicon (polish recon) which 

added the impurity. 

[0021] 

Presentation distribution of the depth direction of each element in the zirconium silicate film 12 in this phase 
is explained using each drawing of drawing 2 . In drawing 2 (a), drawing 2 (b) shows concentration 
distribution of silicon, and drawing 2 (c) shows concentration distribution of nitrogen for concentration 
distribution of a zirconium. The presentation of the depth direction of a zirconium and silicon is made 
uniform. Here, atomic concentration of silicon was made into 20at(s)% for the atomic concentration of a 
zirconium 20at(s)%. Moreover, by the cap layer 14 and silicon substrate 10 side, with 8at(s)%, 
concentration distribution of nitrogen is low and is made as high as 40at(s)% in the center. The 
implementation approach of such presentation distribution is explained in full detail behind. 
[0022] 

Next, it heat-treats to this cascade screen. This heat treatment is about 1000-degree-C heat treatment for 30 
seconds for example, in nitrogen-gas-atmosphere mind. By this heat treatment, diffusion of a silicon atom 
and a metal atom takes place in the layer field where nitrogen concentration is low, and the zirconium 
silicate film 12 becomes zirconium silicate film 12' from which the presentation distribution shown in 
drawing 2 (b) changed. 
[0023] 

Each element in this zirconium silicate film 12' has the presentation distribution shown in each drawing of 
drawing 3 . That is, silicon moves to the 1 st layer field by the side of a silicon substrate 1 0, and the 2nd layer 
field by the side of the cap layer 14 like drawing 3 (b) (segregation). Consequently, compared with the 1st 
layer field or the 2nd layer field, the silicon of the 3rd layer field inserted into these decreases in number 
(the maximum concentration of the silicon in the 2nd layer field is higher than each minimum value of the 
silicon in the 1st and 2nd layer fields.). 
[0024] 

Moreover, like drawing 3 (a), the zirconium in zirconium silicate film 12 f decreases in the 1st layer field by 
the side of a silicon substrate 10, and the 2nd layer field by the side of the cap layer 14, and moves toward 
the 3rd layer field. Thereby, the maximum concentration in the 2nd layer field of a zirconium becomes 
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higher than each minimum value of the concentration in the 1 st and 2nd layer fields. 
[0025] ' 

In addition, as shown in drawing 3 (c), in order that the nitrogen which was segregating to the 3rd layer field 
may carry out amount migration a little to the 1 st and 2nd layer fields by heat treatment, compared with 
drawing 2 (c), distribution becomes smooth (the maximum concentration in the 3rd layer field of nitrogen is 
higher than the minimum value of the concentration in the 1st and 2nd layer fields). 
[0026] 

That is, the zirconium silicate film of the gestalt of this operation is equipped with the following nitrogen 
concentration distribution, a presentation inclination — false — in the 1st and 2nd layer fields set to Si02, 
nitrogen concentration is relatively low, and nitrogen concentration is high structure relatively in the 3rd 
layer field where metal concentration is high. 
[0027] 

In addition, in a heat treatment process, diffusion of a metal atom is controllable by adding nitrogen to 
zirconium silicate 12. Inside the zirconium silicate film 12 which added nitrogen, since Si-N association is 
formed, the diffusion in the zirconium silicate film of a metal atom (zirconium) can be controlled. Thereby, 
the effectiveness of phase separation control or crystallization control is expectable. 
[0028] 

Moreover, the effectiveness which controls the impurity diffusion from the cap layer 14 to a silicon 
substrate 10 is also expectable with the nitrogen addition to the zirconium silicate film 12. That is, when the 
polish recon which added impurities, such as boron, as a cap layer 14 is used, the diffusion to the silicon 
substrates 12, such as boron, can be suppressed. 
[0029] 

Furthermore, by adding nitrogen on the zirconium silicate film 12, the thermal resistance of zirconium 
silicate film 12' finally formed can be raised, and the crystallization can be prevented. It can control further 
"thrust" by control of this crystallization. [ of the impurity from the cap layer 14 to a silicon substrate 10 ] 
[0030] 

In addition, since it is easy to crystalize by heat treatment so that the zirconium concentration in zirconium 
silicate film 12' is high, crystallization of a layer can also be controlled by making nitrogen concentration 
high in the high place of zirconium concentration. 
[0031] 

As mentioned above, as explained in full detail, according to the gestalt of this operation, the metal silicate 

film which made the metal presentation of a zirconium etc. incline easily can be formed. 

[0032] 

In addition, the gestalt of this operation explained the zirconium to the example as a metal of the metal 
silicate film. In the gestalt of each operation of this invention, it can change to a zirconium and a hafnium, 
titanium, a tantalum, aluminum, an yttrium, a lanthanum, a cerium, or other rare earth elements can be used. 
[0033] 

Drawing 4 is the sectional view of the direction of gate length for explaining MISFET. 
[0034] 

That is, on the main front face of a silicon substrate 10, the metal-insulator-semiconductor structure which 
carried out the laminating of metal silicate film 1 2' of an above-mentioned inclination presentation and the 
gate electrode 24 is formed. Generally, metal silicate film 12' and the gate electrode 24 have the shape of a 
rectangle extended to the space perpendicular direction (the gate width direction) of drawing 5 . 
[0035] 

The gate electrode 24 consists of a polycrystalline silicon layer. The side-attachment-wall insulator layer 26 
is formed in the both-sides wall of the gate electrode 24. Deep diffusion field 28 A of the pair which the 
impurity diffused in high concentration, deep diffusion layer 28A, and shallow diffusion field 28B formed 
between the gate electrodes 24 are formed in silicon substrate 10 front face of both the sides of the gate 
electrode 24. Moreover, the metal silicide layer 30 is formed on the polycrystalline silicon layer of deep 
diffusion field 28A and the gate electrode 24. 
[0036] 

Furthermore, between shallow diffusion field 28B of a pair, the channel field 32 formed of the electrical- 
potential-difference impression to the gate is formed. The amount of the impurity which adds a channel field 
suitably for adjustment of the threshold of a transistor is adjusted. In addition, generally the component 
isolation region which insulates between the next components electrically is formed in both the sides of this 
MISFET (not shown). 
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[0037] 

Metal silicate film IT in which MISFET of the gestalt of this operation has an inclination presentation acts 
as gate dielectric film, and a high dielectric constant and high dependability are acquired. Therefore, leakage 
current and tunnel current between the gate electrode 24 and a silicon substrate 10 can be inhibited. 
[0038] 

(Gestalt of the 2nd operation) 

The manufacture approach of the gate dielectric film of MISFET in connection with the gestalt of operation 
of the 2nd of this invention is explained. Drawing 5 (a), (b), and (c) are the process sectional views for 
explaining the manufacture approach of MISFET of the gestalt the 2nd operation. 
[0039] 

First, the silicon substrate 1 0 in which the component isolation region (not shown) which insulates between 
components electrically was formed is prepared. Next, rare fluoric acid (HF) solution processing removed 
the natural oxidation film of the front face of this silicon substrate 10, and termination of the uncombined 
hand of the front face of a silicon substrate 10 was carried out by hydrogen. And the metal silicate film 12 of 
a homogeneity presentation was formed on the silicon substrate 10 ( drawing 5 (a)). As metal silicate film, 
the zirconium silicate film with a thickness of about 2nm was formed. In this case, sputtering using the 
mixed-gas plasma of an argon, oxygen, and nitrogen was used using the zirconic acid ghost target and the 
silicon oxide target. 
[0040] 

In this case, in the depth direction of a layer, a metal and silicon are uniform presentations, and nitrogen 
concentration forms the metal silicate film 12 which becomes high and becomes low in the center of the 
depth direction near an interface with a silicon substrate 10, and near an interface with the gate electrode 14. 

[0041] 

As the formation approach, a CVD method, vacuum deposition, etc. can be used other than a spatter. 
[0042] 

Distribution of above-mentioned nitrogen is realizable by carrying out time amount change of the flow rate 
of the nitrogen (N2) poured for example, during a spatter. The example of the time amount change of the 
flow rate of the nitrogen under spatter (N2) to drawing 6 is shown typically. Moreover, the above-mentioned 
nitrogen presentation distribution is also realizable with the plasma nitriding performed by choosing 
conditions (a pressure, class of plasma), after depositing the metal silicate film which does not contain 
nitrogen. 
[0043] 

Thus, by heat-treating the silicon substrate 10 equipped with the formed metal silicate film 12, metal silicate 
film 12' of an inclination presentation which was explained with the gestalt of the 1st operation was formed. 
[0044] 

In addition, there are vacuum deposition and a spatter in other methods of realizing the presentation 
inclination of the metal silicate film. For example, by the vacuum evaporationo approach, the separate 
source of a metal and the source of silicon are used, and there is a method of changing a metal / silicon ratio 
in the middle of formation of a layer. Moreover, in a spatter, since it is difficult to realize an inclination 
presentation from the target of one kind of presentation, the target with which presentations differ is used 
and an inclination presentation can be realized by dividing deposition of a layer into multiple times and 
performing it. These approaches are processes complicated a little compared with the above-mentioned 
approach based on the phenomenon of being hard to move a metal atom and a silicon atom by the high place 
of the nitrogen concentration in the film, and being easy to move a metal atom and a silicon atom by the low 
place of nitrogen concentration. 

Here, as an example, polish recon was used for the cap layer 24 (gate electrode), and after carrying out a 
temperature up with the programming rate of 100 degrees C/second, heat treatment for 30 seconds was 
performed in 1000-degree C nitrogen-gas-atmosphere mind. By this heat treatment, the presentation 
inclination metal silicate film 12 has been formed. 
[0045] 

Moreover, it is also possible to carry out after the gate electrode formation expressed to drawing 5 (b) rather 
than to to perform elevated-temperature annealing for making a presentation incline in the formation process 
of the impurity ranges 10A and 10B shown in drawing 5 (c). 
[0046] 

(Gestalt of the 3rd operation) 
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Next, the gestalt of the 3rd operation in connection with this invention is explained using drawing 7 and 
drawing 8 . The metallic oxide which does not add not only metal silicate but silicon positively can also be 
used for an insulating layer. The gestalt of the 3rd operation explains the gate dielectric film by this metallic 
oxide. 
[0047] 

Drawing 7 is the sectional view of the laminated structure which formed the metallic-oxide film 34 on the 
silicon substrate 10, and formed the conductive cap layer 14 on the metallic-oxide film 34 further. 
Moreover, the mimetic diagram of concentration distribution of the metal in this metallic-oxide film 34 (Zr 
as an example), nitrogen (N), and oxygen (O) is shown in drawing 8 . 
[0048] 

The nitrogen in the metallic-oxide film 34 is relatively low near an interface with a silicon substrate 10 (1st 
layer field), and near an interface with the conductive cap layer 14 (2nd layer field), and is the structure 
where nitrogen concentration becomes high relatively, in the meantime (3rd layer field). 
[0049] 

Like metal silicate film 12', in the 1st and 2nd layer fields, a band gap can be enlarged and leakage current 
can be controlled rather than the 3rd layer field according to such concentration distribution. As the 
manufacture approach in this case is shown for example, during a spatter at drawing 8 (b), that nitrogen 
presentation distribution is realizable by changing the flow rate of nitrogen (N2) according to assembly time. 
Moreover, nitrogen presentation distribution is also realizable with plasma nitriding, after depositing the 
metallic-oxide film which does not contain nitrogen. 
[0050] 

(The 1 st example) 

Next, the example of the manufacture approach explained with the gestalt of the 1st operation is explained. 
Drawing 9 (a), (b), (c), (d), (e), and (f) show the zirconium of the membranous depth direction before and 
behind heat treatment of the zirconium silicate film which carried out nitrogen addition, and change of 
presentation distribution of silicon. 
[0051] 

An axis of ordinate shows the concentration (at%) of Zr or Si for the depth until the axis of abscissa of each 
drawing of drawing 9 results in a silicon substrate 10 with an interface as the starting point with the 
zirconium silicate film 12 and the cap layer 14 of 12'. The thickness of the zirconium silicate film 12 in this 
example is 95A. 
[0052] 

Drawing 9 (a) shows distribution from a depth of OA before heat treatment to 40A, and drawing 9 (b) shows 
the distribution after the heat treatment. Drawing 9 (c) shows the distribution before heat treatment from a 
depth of 40A to 70A, and drawing 9 (d) shows the distribution after the heat treatment. Furthermore, 
drawing 9 (e) shows the distribution before heat treatment from a depth of 75 A to 95A, and drawing 9 (f) 
shows the distribution after the heat treatment. These distribution was measured by HR-RBS (High 
Resolution Ratheford Back Scattering). 
[0053] 

Moreover, the nitrogen concentration before heat treatment made [ from 75A to 95A ] 8at(s)% from a depth 
of OA to 50A 40at(s)% for from 50A to 75 A 8at(s)%. Furthermore, concentration of JIRUKOUMU and 
silicon was made into abbreviation homogeneity in the depth direction of a layer. In addition, although the 
concentration of Zr has fallen to 5at(s)% in drawing 9 (a), it is because pollutants, such as C, mix in a front- 
face side and are low as atomic concentration also with Si and Zr relatively as a cause. However, when there 
are few degrees of contamination, even if it does not produce such a problem and there is contamination like 
an actual semiconductor device production process, pollutants decrease in number after annealing. In the 
phase of drawing 9 (a), Zr may be actually changed, although a completely uniform thing is an ideal. In that 
case, desired effectiveness will be acquired if the amount of fluctuation is about 20% or less. Zr 
concentration shown in drawing 9 (a) can also be referred to as more uniform as compared with 
concentration distribution of Zr after heat treatment. 
[0054] 

In the field by the side of the silicon substrate 10 with low nitrogen concentration, and the field by the side 
of the conductive cap layer 14, by heat treatment, the concentration of Zr is low at a front face and an 
interface, and distribution with high concentration can be realized inside so that drawing 9 (b), (d), and (f) 
may show. 
[0055] 
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Moreover, drawing 9 (c) and (d) show that most of silicon and a zirconium is not moving after heat 
treatment before heat treatment in the central field whose nitrogen concentration was high. Thus, by the 
manufacture approach in connection with the gestalt of the 1st operation, metal silicate film 12' toward 
which the metal presentation inclined can be formed. 

In the above, the gestalt of operation of this invention was explained, illustrating the gestalt and example of 
operation. However, this invention is not limited to each example mentioned above, and can be suitably 
changed into a claim in accordance with the summary of a publication. 
[0056] 

For example, all the transistors obtained by carrying out a design change, not being limited to what was 
expressed as an example, in addition this contractor applying this invention also about the structure of a 
transistor are included by the range of this invention. 
[0057] 

For example, that in which this contractor did the design change suitably about the ingredient which 
constitutes each part of a transistor, an addition impurity, thickness, the configuration, the conductivity type, 
the formation approach, etc. is included by the range of this invention. 
[0058] 

[Effect of the Invention] 

As explained in full detail above, according to this invention, the semiconductor device using the metal 
silicate film which maintains a good interface property and reduces the leakage current of an insulator layer, 
and its simple manufacture approach can be offered. 
[Brief Description of the Drawings] 

[Drawing 1] It is a cross section for explaining the manufacture approach of the semiconductor device in 
connection with the gestalt of operation of the 1st of this invention. 

[Drawing 2] It is a concentration distribution map for explaining the manufacture approach of the 
semiconductor device in connection with the gestalt of operation of the 1 st of this invention. 
[Drawing 3] It is a concentration distribution map for explaining the manufacture approach of the 
semiconductor device in connection with the gestalt of operation of the 1 st of this invention. 
[Drawing 4] It is a cross section for explaining MISFET in connection with the gestalt of operation of the 
2nd of this invention. 

[Drawing 5] It is a cross section for explaining the manufacture approach of MISFET in connection with the 
gestalt of operation of the 2nd of this invention. 

[Drawing 6] It is the mimetic diagram showing time amount change of the flow rate of the nitrogen (N2) 
poured during a spatter. 

[Drawing 7] It is a cross section for explaining MISFET in connection with the gestalt of operation of the 
3rd of this invention. 

[Drawing 8] It is the concentration distribution map of the metal in the metallic-oxide film in connection 
with the gestalt of the 3rd operation, oxygen, and nitrogen. 

[Drawing 9] It is as a result of concentration distribution of the metal (zirconium) by HR-RBS in the 1st 

example of this invention and silicon. 

[Description of Notations] 

10 ... Silicon substrate 

12 12' ... Zirconium silicate film 

14 ... Conductive cap layer 

24 ... Gate electrode 

26 ... Side-attachment- wall insulator layer 

28 A ... Deep diffusion layer 

28B ... Shallow diffusion layer 

30 ... Metal silicide layer 

32 ... Channel field 

34 ... Metallic oxide 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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